Aim: The aim of this study was to identify efficient plant-beneficial rhizobacterium that has the potential to be developed as biocontrol agent for the control of wheat soil-borne diseases. Methods and Results: Rhizosphere soil samples were collected from a wheat field located in Taian City. Numerous bacteria were isolated and screened for antagonistic activity against soil-borne plant pathogenic fungi by performing dual-culture assays. Among them, XH-9 was selected for its highly antagonistic activity and others growth-promoting characteristics. Subsequently, the strain was identified as Bacillus amyloliquefaciens subsp. plantarum based on phylogenetic analysis of 16S rDNA sequence. Pot experiment indicated that XH-9 has good capacities for wheat, corn, and chili root colonization and considerably increased the biometric parameters of wheat seedlings. Quantitative real-time polymerase chain reaction experiments showed that the amount of Fusarium oxysporum associated with the XH-9 after treatment significantly decreased compared with control group. Conclusions: Bacillus amyloliquefaciens subsp. plantarum XH-9 has the potential as biocontrol agent when applied in local arable land to prevent damage caused by F. oxysporum and other phytopathogens. Significance and Impact of the Study: The development of biocontrol strategies for reducing the damage caused by plant pathogens is fully in accord with the current principles of sustainability.
Introduction
Plant diseases induced by soil-borne plant pathogens are among the most difficult to control and create challenging problems in agriculture. The Fusarium genus comprises several fungal species, many of which may cause crown rot, stem rot, and head blight in wheat (Nourozian et al. 2006) . Importantly, Fusarium oxysporum causes vascular wilt and root rot in over 100 plant species (Li et al. 2015) . In the past few decades, measures for preventing and controlling soil-borne diseases have usually relied upon the use of resistant varieties and fungicides. However, developing resistant varieties can be difficult in the absence of a dominant gene (Shanmugam and Kanoujia 2011) , and chemical fungicides represent a potential risk to both the environment and human health (Dufour et al. 2011) . Furthermore, previous reports have shown that chemical-control measures create imbalances in the microbial community, which may reduce the activity of beneficial organisms and may also lead to the development of resistant pathogen strains (Shanmugam and Kanoujia 2011) . In this regard, biological control using plant growth-promoting rhizobacteria (PGPRs) is a potentially viable alternative strategy for disease management (Jetiyanon and Kloepper 2002) .
PGPRs have been reported to improve plant growth and suppress the growth of plant pathogens (Gopalakrishnan et al. 2011) . Several mechanisms have been suggested whereby bacteria can promote plant growth (phytohormone production, nitrogen fixation, and stimulating nutrient uptake) and reduce plant diseases (competition for space, nutrients, and ecological niches; production of hydrocyanic acid, siderophores, hydrolases and antifungal compounds; or the induction of systemic resistance (ISR)) (Kloepper and Beauchamp 1992; Ajit et al. 2006) . Furthermore, the ability to colonize the rhizosphere has also been considered a relevant trait for biocontrol (Kamilova et al. 2007) .
To date, several micro-organisms have been successfully used to control plant pathogens, of which Pseudomonas spp. and Bacillus spp. are important based on its ability to aggressive colonizers of the rhizosphere of various crops and synthesize several metabolites that are inhibitors of some enzymes or membrane proteins and exert an antagonistic effect (Schippers et al. 1987) . In addition, nonpathogenic bacteria, fungi, and Actinomycetes belonging to the genera Trichoderma, Fusarium, Streptomyces, and Serratia have been used as potential biocontrol agents against damping-off and root rot pathogens, and other soil-borne pathogens (Someya et al. 2003; Minerdi et al. 2009; Khabbaz and Abbasi 2014) .
Therefore, the aims of this study were to: (i) isolate and evaluate its antagonic activity of soil bacteria against fungal pathogens; (ii) identify and characterize select antagonistic bacteria; (iii) reveal the potential mechanism for promoting plant growth and suppressing plant pathogens in vitro; (iv) test the ability of bacteria to colonize the rhizosphere of different crops; and (v) determine the impact of selected strain on the F. oxysporum content in the wheat rhizosphere.
Materials and methods

Soil sampling
Soil samples from healthy wheat plants were considered good sources of PGPRs and were collected randomly from a wheat field located in Taian City (Shandong Province, China). Wheat seedlings were carefully uprooted during the grain-filling stage in 2015, and the aerial parts were chopped off. The residual root portion was placed in a polythene bag, labelled and tied, and further placed in a box containing ice. The ice box was immediately transported to a laboratory and stored in a refrigerator at 4°C until use in subsequent experiments.
Isolation of bacterial strains
A mixed rhizosphere soil sample was collected from the roots as described previously (Gopalakrishnan et al. 2011) . Ten grams of soil was suspended in 90 ml of sterile distilled water and mixed on a table concentrator for 30 min. The soil samples were serially diluted (up to 10 À6 -fold), plated on potato dextrose agar (PDA) plates, and incubated at 28°C AE 2°C for 2-3 days. Bacterial colonies growing on the plates were isolated according to their different visual characteristics and maintained on PDA slants at 4°C for further studies.
Screening antagonistic bacteria
All isolates were screened for antagonistic activity against the selected pathogens by performing dual-culture assays.
The isolates included members of the Fusarium pseudograminearum, Fusarium oxysporum, Alternaria (Nees), Colletotrichum gloeosporioides, Bipolaris sorokiniana, Botryosphaeria ribis, and Rhizoctonia solani taxa, which are common phytopathogens and often cause soil diseases in various plants (Wildermuth and Mcnamara 1991; Vakalounakis 1996; Wang et al. 2010; Obanor et al. 2013) . The centres of the PDA plates were inoculated with pure cultures of pathogens (5-mm discs) and incubated for 24 h. Next, the bacterial isolates were incubated on both sides into 9-cm diameter Petri dishes containing PDA. Three replicate plates were maintained for each isolate. All plates were incubated at 30°C in a regulated incubator for 4 days. The per cent growth inhibition was calculated using the following formula: inhibition (%) = 1À(fungal growth/control growth) 9 100% (Hameeda et al. 2010) .
Ribosomal sequencing and phylogeny of isolates
The single most effective antagonistic bacterial strain (XH-9) showing broad-spectrum activity against phytopathogens was selected for further characterization, based on sequence analysis of 16S rDNA gene (Khabbaz and Abbasi 2014) . The bacterium was grown in LuriaBertani (LB) broth culture at 28°C AE 2°C for 24 h and was then centrifuged at 3480 g for 2 min. DNA was extracted using the EasyPure Bacteria Genomic DNA Kit (TransGen Biotech, Beijing, China) according to the manufacturer's instructions. The 16S rDNA gene sequences from bacterial genomic DNA samples were amplified using the universal primers 27F and 1492R (Watanabe et al. 2001 (Mendez 2014) .
Potential mechanisms of antagonism
Bipolaris sorokiniana, F. oxysporum, and R. solani were used to test the diffusible and volatile antibiotics produced by strain XH-9, as described previously (Asha et al. 2011) . The agar-diffusion method was used to detect extracellular hydrolytic enzyme activity, and colloidal chitin was used as the substrate to detect chitinase qualitatively (Jankiewicz et al. 2012) . Yeast glucans were used as substrates to detect glucanase (P erez et al. 2002) . Sodium carboxymethyl cellulose was used as the substrate to detect cellulase (Miller 1959) . Casein was used as the substrate to detect protease activity (Bian et al. 2009 ).
Halo formation around colonies grown on specific agar media was considered indicative of hydrolytic enzyme activity. Siderophore production was detected on CAS plates, where an orange halo around the colonies was considered as a positive result for the production of the siderophore (Schwyn and Neilands 1987 , 6Á8 g; Na 2 HPO 4 , 17Á9 g; yeast extract powder, 6Á7 g; and tuckahoe powder, 4Á0 g. After incubation for 2 or 3 days, the culture filtrate was collected by centrifugation at 1073 g for 10 min and used as the source of extracellular crude enzyme. The cellulase, glucanase, and chitinase activities were determined using a chromogenic reagent (dinitrosalicylic acid solution) (Miller 1959) . One unit of cellulase, glucanase, and chitinase activity was defined as the amount of enzyme that released 1 lmol equivalent per min of glucose, b-1,3-glucose, and N-acetylglucosamine from sodium carboxymethyl cellulose, b-glucan, and colloidal chitin, respectively under the assay conditions. Protease activity was determined based on the chromogenic reaction of tyrosine with Folin-Ciocalteu's phenol reagent (Solarbio Science Technology Co, Ltd, Beijing, China). One unit of protease activity was defined as the amount of enzyme that released 1 lmol equivalent tyrosine per min from casein under the assay conditions.
Analysis of volatile organic compounds by gas chromatography-mass spectrometry
The strain XH-9 was cultured on PDA slants in triangular flasks at 30°C, which were sealed with foil. After 3 days, the volatile organic compounds (VOCs) was collected by polydimethylsiloxane-divinylbenzene (65 lm) and analysed by gas chromatography-mass spectrometry (GC-MS). A RTX-5MS capillary column (60 9 0Á25 lm ID 9 0Á25-lm thick film) was used to separate the VOCs and helium was used as the carrier gas (1 ml min À1 ).
The GC-MS procedure was as follows: SPME-DVB fibres were desorbed at 200°C for 3 min, the oven was set to 40°C for 3 min, then the heat was increased at a rate of 8°C min À1 to 160°C, maintained for 2 min, then increased further at a rate of 15°C min À1 to 240°C, and maintained for 3 min. The mass spectrometer was operated in the electron ionization mode at 70 eV with a source temperature of 200°C, and a continuous scan from 45 to 500 m/z was used. VOCs were identified by comparing them with the data provided in National Institute of Standards and Technology guidelines, number 14.
Growth-promoting characteristics of the isolates
The growth-promoting characteristics of strain XH-9 were characterized and compared to those of other strains. Quantitative analysis of the phosphate-solubilization efficiencies were conducted in National Botanical Research Institute phosphate (NBRIP) growth medium, which contained (per l): Ca 3 (PO 4 ) 2 , 5Á0 g; glucose, 10 g; (NH 4 ) 2 SO 4 , 0Á5 g; NaCl, 0Á3 g; KCl, 0Á3 g; MgSO 4 Á7H 2 O, 0Á3 g; FeSO 4 , 0Á03 g; and MnSO4, 1Á0 g. The strain was grown overnight in liquid LB medium and 1 ml of the resulting suspension was inoculated into 50 ml of the NBRIP growth medium in 250-ml conical flasks. After 5 days, the culture filtrate was collected by centrifugation at 1073 g for 10 min and used for quantitative analysis. The content of soluble phosphorus in the bacterial culture filtrate was determined using the molybdenum blue method (Bray and Kurtz 1945) . Potassium-solubilization efficiencies were conducted in silicate-fermentation broth (pH 7Á0 AE 0Á2) containing the following ingredients (per l): sucrose, 10Á0 g; (NH 4 ) 2 SO 4 , 0Á2 g; MgSO 4 Á7H 2 O, 0Á5 g; NaCl, 0Á1 g; CaCO 3 , 0Á1 g; and feldspar powder, 5Á0 g (Bray and Kurtz 1945; L€ u and Huang 2010) . After 7 days, the potassium ion contents in the culture filtrates were estimated by flame photometry (L€ u and Huang 2010). The nitrogen-fixation efficiency was determined using Ashby medium containing (per l): mannitol, 10 g; KH 2 PO 4 , 0Á2 g; MgSO 4 , 0Á2 g; NaCl, 0Á2 g; K 2 SO 4 , 0Á3 g; CaCO 3 , 5 g (Marra et al. 2012) . After a 7-day inoculation, the sugar and nitrogen contents in culture filtrates were measured based on chromogenic reactions. The nitrogen-fixation efficiency refers to the relationship between the amount of glucose supplied and the degree of nitrogen fixation by nitrogen-fixing organisms. The nitrogen-fixation efficiency is defined as the mg of nitrogen fixed by an organism for each g glucose supplied in the growth medium (Gupta and Sen 1966) . The production of indole acetic acid (IAA) was qualitatively analysed in the tryptic soy broth medium containing (per l) tryptone, 15 g; soya peptone, 5 g; NaCl, 5 g; and L-tryptophan (0Á5 mg ml À1 ). After 2 days, the IAA contents in the culture filtrates were measured based on the chromogenic reaction of Salkowski's reagent with IAA (Abiala et al. 2015) . Qualitative detection of 1-aminocyclopropane-1-carboxylate (ACC) deaminase produced by the isolates was performed using DF-ACC salts minimal medium (Husen et al. 2009 ). After 24 h, cells were collected, watered, and dilapidated. Then, the protein and ACC deaminase contents in the crude extracts were determined using ACC as the substrate, and the results were expressed in lmol a-ketobutyric acid (mg PrÁh) À1 .
Each experiment was performed in triplicate, and the results are expressed as mean values and SDs.
Colonization of plant roots by XH-9
To examine the root-colonizing capacity of selected strains in vitro, the original XH-9 strain was replaced by a rifampicin-and spectinomycin-resistant mutant of the XH-9 strain, which was designated as XH-9M. Mutations were described previously (Ji et al. 2010) . The surfaces of wheat seeds were sterilized with 75% ethanol for 1 min, and then the seeds were exposed to 1% sodium hypochlorite for 30 min and rinsed thoroughly with sterile distilled water. Surface-sterilized wheat seeds were sown in 10-l plastic pots containing soil collected from which the XH-9 strain was isolated. The experiment involved a completely randomized block design with three replicates for each treatment and five pots per replicate; each pot has five wheat seeds. The XH-9M strain was grown overnight in LB broth at 30°C and 200 rev min À1 , after which the bacterial suspension was centrifuged at 1073 g for 10 min and resuspended in phosphate-buffered saline (1 9 10 8 CFUs per ml) prior to use. Twenty millilitres of bacterial suspension was poured into pots containing wheat seedlings that were germinated a week before (Someya et al. 2010) . Bacteria were recovered from the rhizosphere by collecting wheat rhizosphere soil every 10 days after bacterial inoculation.
Five-gram soil samples were placed into 250-ml conical flasks containing 50 ml of sterile water and mixed on a table concentrator for 30 min. The suspensions were serially diluted and plated on PDA agar containing rifampicin (300 lg ml À1 ) and spectinomycin (300 lg ml À1 ).
The plates were incubated for 2-3 days at 30°C, the colonies were counted, and the total population was expressed as the CFUs per g of dry soil. The colonization ability of the selected strains was also tested on corn and chili crops in the same manner.
Pot experiment design
In this study, quantitative real-time PCR (qRT-PCR) was used to quantitatively measure the F. oxysporum biomass in wheat rhizosphere soil. Wheat seeds were sterilized and sown in clay tile pots, each of which had been inoculated with a 20-ml suspension of F. oxysporum conidia (10 7 CFUs per ml). After 1 week, the roots of the experimental plantlets were inoculated with 20 ml of bacterial suspension; the roots of the control plantlets were inoculated with the same volume of sterile water. After inoculation, both the treated and control rhizosphere soil were collected every 10 days and stored at -80°C for subsequent quantification of F. oxysporum by qRT-PCR. The pot experiments followed a completely randomized block design with three replicates for each treatment and five pots per replicate. Each pot had five wheat seeds. After 50 days, the wheat seedlings were uprooted separately to determine the biomass indices of the plants.
Fungal and soil DNA extraction
Mycelia of fungi collected from cultures grown on PDA medium were freeze-dried in liquid nitrogen and ground to a fine powder using an autoclaved mortar and pestle (Perezartes et al. 2000) . Next, DNA was extracted from 100 to 200 mg of the powdered mycelia using the HP Fungal DNA Kit (TransGen Biotech).
Primer selection and specificity in vitro
qRT-PCR assays of F. oxysporum DNA were conducted using the following specific primer pair: JB-F (5 0 -CATAC CACTTGTTGTCTCGGC-3 0 ) and JB-R (5 0 -GAACGC GAATTAACGCGAGTC-3 0 ), which was provided by Professor Zhiquan Mao of the College of Horticulture at Shandong Agricultural University. To evaluate the specificity of the primer pairs, genomic DNA samples were extracted from F. pseudograminearum, Fusarium graminearum, B. sorokiniana, and R. solani and used as templates for PCR amplification, with sterile water being added to the reaction mixture as a negative control. Each reaction mixture contained 12Á5 ll of 29Easy Taq PCR Super Mix (TransGen Biotech), 0Á5 ll of each primer (10 lmol l À1 ), 1Á0 ll of DNA template (10 ng ll À1 ), and 10Á5 ll of sterile distilled water. The thermal cycling conditions were as follows: initial denaturation at 94°C for 5 min, followed by 35 cycles of 94°C for 30 s, 54°C for 30 s, 72°C for 30 s; and a final extension at 72°C for 10 min. The PCR products were verified by running them on 2% agarose gels and visualizing them under ultraviolet (UV) light.
Quantification of F. oxysporum by qRT-PCR
A specific target fragment of F. oxysporum was amplified using the specific PCR primer pair, JB-F/JB-F. The PCR amplification system and thermo cycling conditions were described above. The amplicons were extracted from 1% agarose gels using the EasyPure Quick Gel Extraction Kit (TransGen Biotech) and spectrophotometrically quantified in a BioPhotometer to determine the amplicon concentrations. Furthermore, these amplicons were used to build carriers by ligation into the pEASY-T1 cloning vector at a 7 : 1 molar ratio and then transformed into phage-resistant, chemically competent Trans1-T1 cells. Moreover, these transformants were incubated for 1 h in LB medium at 37°C 200 rev min À1 and plated on PDA medium containing 8 ll isopropyl b-D-1-thiogalactopyranoside (IPTG) and 40 ll X-gal. The plates were incubated for 24 h at 30°C; several white colonies were selected and sequenced in by a commercial sequencing company (Sangon Biotech).
qRT-PCR was performed with a BioRad CFX Manager real-time PCR machine using TIAN GEN SuperReal PreMix plus SYBR Green. Plasmids were serially diluted (up to 10 À6 -fold) and used as DNA standards, with each standard measured in triplicate independent reactions. Each amplification was performed in a 15-ll volume containing 7Á5 ll of 29 TransStart Tip Green qPCR SuperMix (TransGen Biotech), 0Á6 ll of each primer (10 lmol l À1 ), 1 ll of template DNA (10 ng ll À1 ), and ddH 2 O added to 15 ll. A two-step amplification program was performed as follows: initial denaturation at 94°C for 30 s, followed by 45 cycles of 94°C for 5 s, 60°C for 15 s, and 72°C for 10 s. Melting-curve analysis was conducted by measuring the fluorescence at 0Á6°C temperature increments every 10 s within a temperature range of 60-100°C. Ct values were determined as the cycle number at which the PCR product was first detected fluorescently and was inversely related to log of the initial concentration, such that lower Ct values corresponded to higher initial DNA concentrations. A standard curve was developed by plotting the logarithm of known concentrations against the Ct values. To quantify the amount of F. oxysporum in the wheat rhizosphere soil, total soil DNA was extracted from wheat rhizosphere soil (treatment and control groups) every 10 days after bacterial inoculation and used as a DNA template for qRT-PCR. For each sample, 500 mg of rhizosphere soil was used to extract total soil DNA with a Soil DNA Kit (USA OMEGA Bio-Tek, Guangzhou, China). The PCR amplification system and thermocycling program were described above, with each DNA sample being measured in triplicate independent experiments.
Data analysis
All experiments were performed in triplicate, and all statistical analyses were performed using SAS ver. 8.0 software (SAS Institute, Inc.). Differences in mean values were considered significant when P < 0Á05. The histogram was created using Microsoft Excel 2010 (Microsoft, Redmond, WA).
Results
Isolation, characterization, and identification of antagonistic bacteria
Numerous bacterial colonies with obviously distinct morphological features were grown on PDA medium. Several isolates of effective bacterial antagonists belonged to the Bacillus genus. Subsequently, these bacterial isolates were evaluated for their plant growth-promoting traits. Among them, the XH-9 strain was selected from our collection in this work, which not only showed wide broad-spectrum activity against phytopathogens (Fig. 1) , but also showed evidence of nitrogen fixation (7Á92 AE 1Á05 mg g À1 ); phosphate solubilization (58Á67 AE 4Á20 lg l À1 ), and potassium solubilization (10Á07 AE 1Á26 lg ml À1 ); and IAA (7Á76 AE 0Á51 lg ml À1 ), and ACC deaminase (4Á67 AE 1Á21 lmol (mgÁh) À1 ) production. Thus, the XH-9 strain possessed several key plant growth-promoting characteristics. Next, the XH-9 strain was identified as Bacillus amyloliquefaciens subsp. plantarum, based on phylogenetic analysis of the 16S rRNA sequence and was deposited in the China General Microbiological Culture Collection Centre under accession number 13151.
Potential mechanisms of antagonism
Both diffusible antibiotics and volatile metabolites produced by the XH-9 strain inhibited the growth of F. oxysporum, B. sorokiniana, and R. solani. The colony diameters of these pathogens in the treatment and control groups are presented in Table 1 . Compared with the control group, diffusible antibiotics and volatile metabolites efficiently reduced the growth of F. oxysporum to 6Á6 and 47Á1%, respectively, and the growth of R. solani to 14Á3 and 54Á3%, respectively. Both diffusible antibiotics and volatile metabolites completely inhibited the growth of B. sorokiniana. Additionally, the XH-9 strain grew in solid media containing sodium carboxymethyl cellulose, yeast glucans, or skimmed milk as the sole carbon source and produced hyaline zones around the bacterial colonies (Fig. 2) , which indicated that the XH-9 strain produced several types of hydrolases. Quantification of enzyme production showed that the cellulase, glucanase, and protease levels reached 22Á42 AE 2Á63 U ml À1 , 624Á19 AE 52 Á42 U ml À1 , and 13Á40 AE 1Á28 U ml À1 , respectively. Interestingly, the level of chitinase secreted by the XH-9 strain reached 769Á21 AE 27Á90 U ml À1 , although no semicircular hyaline zone formed around the colonies on the plate containing colloidal chitin. In addition, a yellow halo formed around strain XH-9 colonies on CAS plates, which indicated that the strain is positive for siderophore production (Fig. 2) .Using desferrioxamine mesylate as a standard compound, quantitative analysis showed that the siderophore content in the culture filtrate was 4Á92 AE 0Á46 lg ml À1 .
Analysis of VOCs by GC-MS
The VOCs produced by strain XH-9 were analysed using GC-MS, and 54 compounds were detected (Fig. 3) , which mainly included ketones, alcohols, esters, and alkyls. The compounds with a relative peak area of more than 1% are listed in Table 2 , among which, acetoin and 2,3-butanediol were the major components; these compounds have been reported to be effective in promotion of plant growth (Ryu et al. 2003; Farag et al. 2006) . In addition, 2-heptanone, 2-nonanol, and 2-nonanone were effective in inhibiting the growth of phytopathogens (Nylund et al. 2008; Yuan et al. 2012) . The results described above indicated that the VOCs produced by strain XH-9 have the potential to inhibit pathogen growth, but also promote plant growth.
Colonization of plant roots by XH-9
Pot experiments were performed to test the colonization capability of the XH-9 strain. We assessed Values are mean values AE SDs (n = 3), Means sharing a common letter within the same column are not significantly different at P < 0Á05.
bacterial population densities in the rhizosphere of different crops at 10-days intervals after bacterial inoculation. The results shown in Table 3 indicated that the XH-9 strain could colonize chili corn and wheat. Bacteria were detected at approximately 10 4 -10 5 CFUs per g of root in root rhizosphere soil samples from different crops. This result indicated that the XH-9 strain had an exceptionally high ability to stably colonize the root system of different crops, which is a critical prerequisite for the successful use of PGPR.
Effects of XH-9 on plant growth and development
The performance of the XH-9 strain was evaluated after challenging it by inoculation with a suspension of 10 7 conidia per ml from F. oxysporum. As shown in Table 4 , the XH-9 strain promoted the growth of wheat seedlings. Compared with the control group, the XH-9 strain significantly increased wheat growth in terms of the plant shoot height (14Á20%), root length (32Á25%), dry biomass (11Á93%), and fresh biomass (16Á28%), relative to the pathogen control. 
Quantification of F. oxysporum by qRT-PCR
Genomic DNA was extracted from F. oxysporum, F. pseudograminearum, F. graminearum, B. sorokiniana, and R. solani and observed under UV light and after running it on a 2% agarose gel (Fig. 4a) . Next, the JB-F and JB-R primer pair was tested in amplification reactions against all prepared fungal genome DNA samples and water (as a negative control). As expected, the primers only amplified the target sequence of F. oxysporum with a specific PCR product of 323 base pairs (bp) (Fig. 4b) , which was used to construct the recombinant plasmid. Subsequently, the plasmids were transformed into phageresistant, chemically competent Trans1-T1 cells and grown in PDA medium containing 8 ll IPTG and 40 ll X-gal at 30°C. After 24 h, numerous white and blue colonies appeared on the plate (Fig. 4c) . Several white colonies were selected and sequenced at a commercial sequencing company (Sangon Biotech) using the M13 forward and M13 reverse primers. The specific sequence of F. oxysporum is shown in the additional file. Transformants that were successfully identified were expanded in culture to extract plasmids (TransGen Biotech), which were used in the standard curve. A standard curve was established by plotting the log of known concentrations of F. oxysporum DNA against the associated Ct values, with an R 2 value higher than 0Á99 (Fig. 5b) . Figure 5a shows a melting-curve analysis of the amplification products, which indicated the specificity of the amplification product. For the rhizosphere soil samples, total soil DNA was extracted (Fig. 4d ) and used as a template in qRT-PCR assays. The Ct values observed with unknown soil samples were interpolated with the standard curve, and the calculated F. oxysporum DNA concentration from the soil samples was recorded (Table 5) . Compared with the control group, the XH-9 strain significantly inhibited the growth and reproduction of F. oxysporum in the wheat rhizosphere at definable intervals. In the control group, the amount of F. oxysporum drastically decreased to 3Á74 (AE0Á26) 9 10 4 CFUs per g of soil during the first 20 days, and thereafter, it gradually increased and reached 46Á42 (AE1Á96) 9 10 4 CFUs per g of soil after 50 days. Following treatment with the 
Values are mean values AE SDs (n = 15), Means sharing a common letter within the same column are not significantly different at P < 0Á05. 
Values are means AE SD (n = 15). Means sharing a common letter within the same column are not significantly different at P < 0Á05. "XH-9" denotes wheat seedlings treated with a suspension of strainXH-9 cells. "CK" denotes wheat seedlings treated with an equal volume of sterile water.
XH-9 strain, the amount of F. oxysporum decreased drastically, being gradually reduced during the first 20 days, and then gradually declining and stabilizing until the final concentration (1-2 9 10 4 CFUs per g of soil) was relatively stable.
Discussion
In the absence of targeted plant disease-control approaches, soil-borne pathogens continue to cause significant crop losses worldwide in both conventional and organic field production systems (Khabbaz and Abbasi 2014) . Development of biological control measures using antagonistic bacteria is one of the most attractive alternatives to chemical fungicides, which has many limitations including environmental concerns, food quality issues, and tolerance to antifungal agents after long-term applications (Sun et al. 2013) . A trend exists in terms of utilizing micro-organisms isolated from rhizosphere soil as biological agents, which may be better adapted to colonize the rhizosphere of crop plants and show better disease control than organisms isolated from the other sources, such as seawater, compost, and silt (Cook 2003; Kamilova et al. 2010) .
Several species of nonpathogenic rhizobacteria, mainly belonging to the Pseudomonas, Bacillus, and Paenibacillus genera, have been identified from soils and used as potential biocontrol agents against soil-borne pathogens. Among them, Bacillus species have attracted more attention than other species because their long-term viability facilitates the development of commercial products (Qiao et al. 2014) . In this study, the stain XH-9 was isolated and identified as B. amyloliquefaciens subsp. plantarum, which showed effective antagonistic activity (Fig. 1) . Antagonistic mechanisms were revealed in terms of diffusible and volatile antibiotics, siderophores, cellulase, glucanase, protease, and chitinase, which were consistent with a previous report suggest that Bacillus species exert antagonistic activities against pathogens by synthesizing antimicrobial peptides, secreting lytic enzymes, competing for nutrients and space, and inducing systemic resistance (Kang et al. 2015) .
At present, B. amyloliquefaciens, which is known to promote plant growth and to produce diverse secondary metabolites (Borriss 2011) , was studied widely and applied as a biofertilizer and biocontrol agent in agriculture. For example, B. amyloliquefaciens plantarum GR53 mitigated biotic stress by regulating the levels of plant stress hormones and antioxidant activity (Kang et al. 2015) ; strain S499 was applied as a plant-beneficial rhizobacterium with good antagonistic potential against phytopathogens through the release of active secondary metabolites and the ISR in plants by producing considerable amounts of surfactins (Molinatto et al. 2016) . Compared with other representatives of endospore-forming B. amyloliquefaciens, B. amyloliquefaciens subsp. plantarum was distinguished by the ability to efficiently colonize plant rhizospheres and suppress competing phytopathogenic bacteria and fungi (Qiao et al. 2014) . In our study, the XH-9 strain showed good capacities for wheat, corn, and chili root colonization, which are critical prerequisites for controlling soil-borne diseases as a biocontrol agent (Chowdhury et al. 2015) . Furthermore, the strain XH-9 was also exhibited parts properties that could positively affect plant growthpromoting potential, including nitrogen fixation, phosphate and potassium solubilization, as well as the production of siderophores, growth hormones, and ACC deaminase. Moreover, the VOCs produced by strain XH-9 were analysed by GC-MS, and 54 compounds were detected. Of all these, acetoin and 2,3-butanediol were the major components, which have been reported to promote growth most effectively. It should be noted that the plant growth-promoting effects of PGPR are influenced by environmental factors. Previous findings have shown that soil moisture, temperature, and the availability of an energy source (carbon) determine the activity of these organisms and soil microflora, which are important for the incidence of disease and suppression thereof (Gupta et al. 2011) . Thus, it is a substantial advantage that indigenous micro-organisms have been developed as biocontrol agents. The strain XH-9 was obtained from a wheat field located in Taian City. Data from pot experiments indicated that the XH-9 strain increased in the growth of wheat and reduced the number of F. oxysporum in the treatment group. Although further experiments are needed to determine the effectiveness of the XH-9 strain under field conditions, we have confidence that the XH-9 strain can be developed as a biocontrol agent for improving crop productivity in local arable land
In conclusion, we successfully selected an effective antagonistic bacterial strain (XH-9) from wheat Values are means AE SD (n = 15). Means sharing a common letter within the same column are not significantly different at P < 0Á05. "XH-9" denotes wheat seedlings treated with a suspension of strainXH-9 cells. "CK" denotes wheat seedlings treated with an equal volume of sterile water.
rhizosphere and identified it as B. amyloliquefaciens subsp. plantarum. Data from pot experiments indicated that the XH-9 strain increased in the growth of wheat and reduced the number of F. oxysporum in the treatment group. Potential mechanisms associated with fungal antagonism and plant growth promotion have also been identified in this paper. The key point is that the XH-9 strain can colonize the root system of different plant crops, which has been considered a relevant trait for biocontrol (Kamilova et al. 2007 ). To our knowledge, this is the first study to comprehensively elaborate the mechanisms of B. amyloliquefaciens subsp. plantarum activity as a PGPR.
